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(54) Solar cell and process of making same 

(57) A photoelectrochemical regenerative ceil com- 
prises a photoanode consisting of a layer of a large 
band gap (> 2,7 V) semiconductor (1), modified by an 
ultra-thin layer of a dye (chromophore), absorbing a 
large fraction of visible light, on a substrate (2), a cath- 
ode on a second substrate (3), an electrolyte medium 
(4), containing a redox mediator, in-between the elec- 
trodes, a sealing structure (5) and two electric contacts 
(6). At least one of said substrates (2,3) is transparent to 
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visible light. The colored photoanode layer Is applied in 
any two-dimensional pattern, creating a color contrast 
to the areas where the photoanode is not applied, in 
order to provide a solar cell as a stand-alone power 
source with an additional function for advertisement, 
decoration or any other display function for personalized 
purposes. 
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Description 

TECHNICAL FIELD 

The present invention concerns a solar c^i, based 
on the sensitization of a large band gap semiconductor, 
using an electrolyte medium with a redox mediator In 
order to convert solar radiation or indoor light to electric- 
ity. More particularly, the invention concerns a solar cell 
with unlimited freedom for the appearance design of 
said solar cell, in terms of two-dimensional patterning 
and coloration while maintaining Its functionality for light 
to electricity conversion. 

BACKGROUND OF THE INVENTION 

Photoelectrochemical regenerative cells, based on 
sensitization of a semiconductor, have been known for 
some time. One of the more promising systems, being 
based on the sensitization of Ti02 with a Ru-based 
chromophores and an electrolyte medium containing 
the electrochemical couple iodine/iodide as the redox 
mediator, has been described in O'Regan et al., Nature, 
Vol. 3S3p p. 737 (1991). Various aspects of this system 
have been disclosed previously. U.S. Pat. No. 4,927,721 
discloses the utilization of highly porous semiconductor 
layers being modified by a monomolecular chromo- 
phore layer. U.S. Pat. No 5,084,365 and 5,525,440 
describe methods of applying semiconductor layers, 
e.g. by a sol-gel process, in order to obtain highly 
porous and efficient semiconductor layers. A pronusing 
class of Ru-t}ased chromophores Is disclosed in U.S. 
Pat. No 5.463.057. 

The electrolyte medium 4 can consist of inorganic 
and/or organic salts being dissolved in organic solvents 
(type I), inorganic and^or organic salts being incorpo- 
rated in a polymer matrix (type II), inorganic and/or 
organic salts or salt mixtures which are liquid by them- 
selves over a large range of temperatures (type II I), or of 
any combination of the three said types. Examples for 
electrolyte solutions of type I are given in U.S. Pat No. 
5,438,556 and 5.525,440. Polyether-based polymer 
electrolytes of type II have been described In U.S. Pat. 
No. 5.438,556 and in T. \bhannes et al.. J. Electrochem. 
Soc, Vol. 143. p. 2310 (1996). N, Papageorgiou et al. 
provide examples for electrolyte media of type III in J. 
Electrochem. Soc.. Vol. 143, p. 3099 (1996). As an 
alternative to a classical electrolyte system, a hole con- 
ductor can be ^nployed. Such a system, using p-Cul as 
the hole conductor, has been described in K. Tenna- 
kone et al., Semicond. Sci. Technd., Vol. 10, p. 1689 
(1995). 

SUMMARY OF THE INVENTION 

Photoelectrochemical regenerative cells, based on 
sensitization of a semiconductor, hold the promise to be 
manufactured at low cost. In contrast to the preparation 



of standard single crystal, polycrystalline or amorphous 
silicon photovoltaic cells, relatively simple, non-expen- 
sive techniques, such as screen or roller printing, spray 
painting or dispersion stamping can be used for apply- 
5 ing the active layer 1 . These methods open entirely new 
design possibilities for photovoltaic cells for outdoor and 
indoor applications. In addition, the inherent chemistry 
involved in photoelectrochemical regenerative cells 
allows a large variation in the coloration of the active 
10 layer, such as purple, blue, green, yellow or red, by 
selecting appropriate chromophores. A further design 
parameter of photoelectrochemical regenerative cells 
consists in the chemical nature of the redox mediator, 
which can be tuned to display different coloration. In 
is addition, electrochemically inert dyes or pigments can 
be incorporated in the cell. 

The aim of the present invention is to provide a 
solar cell where the active layer is applied in a distinctive 
pattern and color, in order to be employed as a stand- 
ee alone power source with an additional advertisement, 
decoration or any other display function for personalized 
purposes. The pattern can be geometric, figurative, 
alpha-numeric or any combination thereof. Such 
devices can be used for supplying electric power to per- 
25 sonallzed greeting cards playing an appropriate melody, 
to personalized desk or wall clocks, watches where the 
solar cell can represent fully or partly the watch's face, 
pocket calculators, flash lights, or any other display, per- 
sonalized or advertising item. 
30 Further objects will become apparent upon consid- 
eration of the detailed description of the preferred 
embodiments of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

All figures are presented that the preferred direction 
of the Incident light Is from above. 

FIG. 1 depicts a cross section schematic of a pho- 
toelectrochemical regenerative cell in accordance with 
40 the present invention. 

FIG. 2 depicts a plan view of a single element pho- 
toelectrochemical regenerative cell in accordance with 
the present invention. 

FIG. 3 depicts a plan view of the photoanode pat- 
46 tern of a photoelectrochemical regenerative three-ele- 
ment cell in accordance with the present invention. 

FIG. 4 depicts a plan view of a three-element pho- 
toelectrochemical regenerative cell with appropriate 
electric Intemptions 12 and external series connections 
so 1 3 in accordance with the present invention. 

FIG. 5 depicts a partially exploded, isometric view 
of a four-element photoelectrochemical regenerative 
cell with much shorter external series connections 14 
than those in FIG. 4. 

55 

DETAILED DESCRIPTION OF THE INVENTION 

As illustrated in FIG. 1, the photoelectrochemical 
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regenerative cell in accordance with the present inven- 
tion comprises a sulDstrate 2. In a preferred embodi- 
ment, said substrate is transparent to visible light and 
consists of a glass or polymer sheet, covered on the 
inner side with a thin electrically conducting layer 7 such 5 
as doped tin oxide, zinc oxide or indium oxide/tin oxide 
(ITO). A layer of semiconductor material 1 is applied on 
top of the conductive substrate. A preferred semicon- 
ductor is Ti02. prepared from a colloidal suspension, 
e.g. by a sol-gel process. The colloidal suspension can /o 
be applied to the substrate 2 by screen or roller printing, 
spray painting, dispersion stamping or any other 
method chosen by persons skilled in the art. Prepara- 
tion procedures will be described in greater detail here- 
inafter. ?5 

The distinctive feature of the present invention 
relies on the specific two-dimensional shape the semi- 
conductor layer is printed, sprayed, stamped or other- 
wise applied. No limits in shape (such as letters, 
numbers, any figurative or geometric patterns) are given 20 
since the corresponding masks for printing, spraying or 
stamping can be prepared easily, e.g. by standard pho- 
tolithographic procedures. FIG. 1 depicts, as an illustra- 
tion, a zone 8 where no semiconductor material has 
been deposited. FIG. 2 depicts an example of a one- 2s 
element cell with a specific pattern. FIG. 3 depicts an 
example of a photoanode pattern of a three-element cell 
where the solar ceil is at the same time the face of a 
watch or a desk clock. In the case of an analogue watch 
or clock, a central hole 1 1 may be required. 30 

After applying the semiconductor layer, said lay^ is 
fired in order to pyrolyze any organic stabilizer required 
for semiconductor colloid stabilization and to sinter the 
colloid particles, resulting in a highly porous semicon- 
ducting layer. In the case of TIO2, the firing temperature 3S 
is in the order of 450-500''C. Preferred film thickness for 
TiOa layers is 5-10 |iim. 

The semiconductor layer 1 is then modified by spe- 
cifically adsorbing an appropriate chromophore. If high 
light-to-electricity conversion rates are required pre- 40 
ferred chromophores belong to the class of Ru dyes, as 
described in U.S. Pat. No. 5,463,057. Othenwise, any 
other chromophore can be chosen, depending on the 
required cobr of the photoanode. The dye is applied by 
impregnation, e.g. by soaking the semiconducting layer 45 
1 in a dye solution containing solvents such as ethanol, 
butanol, acetonitrile or any other organic solvent allow- 
ing for high enough dye concentrations. The dye 
impregnation is accomplished preferably above room 
temperature, but below the boiling point of the solvent or so 
the solvent mixture. Thus a patterned photoanode, 
which is defined by a dye impregnated semiconductor 
layer on an electrically conductive substrate, is 
obtained, creating a color contrast to the areas where 
the photoanode is not applied. ss 

As an alternative, the patterned photoanode can be 
created by applying the dye or a dye/electrolyte mixture 
as a relatively viscous paste to the semiconductor layer 



1, e.g. by printing or stamping techniques. In a preferred 
embodiment, the composition and viscosity of such a 
paste is adjusted that the mean maximum diffusion path 
of the dye molecules, before adsorption on the elec- 
trode surface occurs, corresponds as closely as possi- 
ble to the thickness of the semiconductor layer 1. in 
order to obtain an optimum coloration of the photoan- 
ode and, at the same time, a high resolution for the pat- 
tern. 

The cathode consists a second substrate 3. Said 
substrate may be transparent to visible light and consist 
of a glass or polymer sheet, covered on the inner side 
with a thin electrically conducting layer such as doped 
tin oxide, zinc oxide or indium oxide/tin oxide (ITO). It 
can be advantageous to deposit an electrocatalytically 
active material 9 on top of tiie conductive layer in order 
to accelerate the redox reaction. In the case of the 
Iodine/iodide mediator system, small amounts of plati- 
num have been shown to be effective as an electrocata- 
lyst. If the photoelectrochemical regenerative cell 
consists of more tiian one single element on the same 
substrate, the electrically conducting layer has to be 
interrupted as explained hereinafter. 

However, the substrate 3 of the cathode can also 
consist of any electrically conductive bulk material 
which is chemically compatible witii the electrolyte 
medium 4, such as titanium, carbon materials or carbon 
filled thermoplastics. In such a case, each element of a 
multi-element photoelectrochemical cell has to have its 
Individual cathode substrate. 

In addition, the catiiode substrate 3 can be partially 
covered by pigment layers 10 forming any two-dimen- 
sional pattern of any desired combination of colors. The 
pigment layers should be chemically compatible with 
the electrolyte medium. Preferably, said pigment layers 
are applied onto the cathode substrate 3 below zones 8 
which have not been covered by the semiconductor 
material. As an alternative, said pigment layers can also 
be applied witfiin zones 8 onto the photoanode sub- 
strate 2. 

It is obvious that for certain applications, a similar 
visual impression of a two-dimensional pattern can be 
obtained, without using a patterned photoanode, by triv- 
ial measures such as printing or applying by other 
means, e.g. by colored adhesive tapes, a two-dimen- 
sional pattern on one or two outer surfaces of the solar 
cell. However such embodiments are considered of no 
innovative value and do not offer the advantage of indel- 
ible and absolutely scratch-proof patterns. 

The electrolyte medium 4 consists preferably of a 
relatively viscous liquid which can be applied onto the 
semiconductor layer by printing or stamping techniques. 
In a preferred embodiment, the electrolyte medium 
does not fill tiie space between 8 and 10. Electrolytes 
belong preferably to the types II or III. Preferred electro- 
lytes include organic iodide molten salts witii melting 
points below 0**C, such as described in N. Papageor- 
giou et al., J. Electrochem. Soc, Vol. 143, p. 3009 
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(1996). The viscosity and tiie ion diffusion coefficients 
can be varied largely by adding various amounts of 
organic solvents such as nitriles, N-methyloxazolidinone 
or N-methylpyrrolidinone and/or polymeric or inorganic 
thickeners such as poly-ethers, poly-siloxanes, poly- 5 
acrylonitriles, amine- or amide-substituted polymers 
(e.g. of the vinyl type) or oxides such as Ti02, Si02, 
AI2O3 or zeolite powder particles. 

For special design reasons, however, the space 
between 8 and 10 can be filled with the electrolyte 10 
medium as well. In such a case, the electrolyte medium 
may be further colored by adding appropriate dyes to 
said medium. Said dyes have to be compatible with the 
cell chemistry. 

The cells are assembled and sealed by a sealing 15 
structure 5. in order to give the embodiment schemati- 
cally shown in FIG. 1. Preferred sealing materials are 
silicone glues, epoxy resins, low melting ceramics, 
and/or gaskets consisting of thermoplastic foils such as 
fluoropolymers. polyvinylidene chlorides or suitably 20 
modified polyolefines. One example for the latter class 
of conpounds is Surlyn ®. 

If the photoelectrochemical regenerative cell con- 
sists of more than one single element on the same sub- 
strate appropriate areas have to be designed where no 25 
semiconductor layer is present and where the substrate 
electrically conductive layer is interrupted in order to 
enable series connections to be made from element to 
element. The electric interruptions 12 can be realized by 
mechanical (e.g. ^rasion, sand blasting) or chemical 30 
means (etching), by laser ablation or any other method 
chosen by persons skilled in the art. Said electric inter- 
ruptions can be prepared either before applying the 
semiconductor layer 1 or, after having covered practi- 
cally the whole substrate 2 surface with the semicon- 35 
ductor layer 1, by removing said l^er and the 
electrically conductive layer 7 at the same time by meth- 
ods such as mechanical abrasion, sand blasting or laser 
ablation. 

Various possibilities for series-connections in the 40 
case of multi-element cells are known to persons skilled 
in the art. One of the methods has recently been 
described in A. Kay et al.. Solar Energy Materials and 
Solar Cells. Vol. 44, p. 99 (1996). For indoor applica- 
tions where the required photocurraits are often in the 4S 
sub-mA range, the series connections can e^en be real- 
ized externally from cell to cell. One possibility for such 
external series connections is depicted in FIG. 4. The 
conductive elements 13 can consist of metal strips or 
wires which are electrically connected to the conductive so 
sides of substrates 2,3. The stripes can also be printed, 
painted or sprayed directly onto the conductive and non- 
conductive surfaces of the cathode sheet 3, by using 
any electrically conductive paint based on materials 
such as carbon, silver, copper, gold. External series 55 
connections according to FIG. 4 are relatively easy to 
manufacture, fcxjt have the disadvantage of relatively 
long current paths. 



Another possibility for external connections, with 
shorter current paths is shown in FIG. 5. Thereby, sub- 
strates 2 and 3 consist, in a preferred embodiment, of 
an electronic insulator, which is covered on one side by 
a thin electrically conductive layer. The series connec- 
tions are established by contact structures 1 4 which are 
printed, painted, sprayed, deposited by a photolitho- 
graphic/gaivanic process or simply established 
mechanically by placing a thin strip of metal foil onto the 
conductive side of either substrate 2 or, preferably, sub- 
strate 3, outside the sealing structure 5 as shown in 
FIG. 5. The thickness of the contact structures 14 which 
is, in a preferred emlxxiiment, in the order of 10-50 (im, 
defines the distance between substrates 2 and 3 which 
are held together under slight compression by means of 
a resin or by a mechanical device. FIG. 5. shows an 
example for the design of electric interruptions 12 of a 
four-element cell. It is obvious to persons skilled in the 
art that other Insulating patterns 12 and contact struc- 
tures 1 4 can be designed which fulfil the same functions 
of connecting the elements in series and. at the same 
time, avoid short circuits. External series connections 
according to FIG. 5 are superior to connections accord- 
ing to FIG. 4 since the current paths are, in the former 
case, at least 2-3 orders of magnitude shorter. 

An alternative to series connections, In order to 
obtain the required voltage, is voltage transformation 
from one single cell by a DC- DC converter. In a pre- 
ferred embodiment, such a DC-DC converter does not 
rely on an additional external power source such as a 
primary or a rechargeable battery or an electrochemical 
capacitor ("supercapacltor"). Standard electronic semi- 
conductor devices can not be used for such a converter 
since the supply voltage from the solar cell may be as 
low as 0.4 V under illumination and still lower in the 
dark. Such a DC-DC converter consists, in a specific 
embodiment, of an oscillator stimulated by the solar cell. 
The resulting AC signal is then amplified to the appropri- 
ate voltage by a transistor based on germanium or on 
SOI technology (semiconductor on insulator) and finally 
reconverted to DC by standard circuitry 

The invention will now be further illustrated by the 
following specific examples. 

EXAMPLE 1 

A 30 x 20 mm sheet of Sn02 coated conducting 
glass from Libbey-O wens-Ford Co.. Ohio. USA, with a 
sheet resistance of 1 5 n/bm^ and a transmittance of ca. 
85 % in the visible. Is coated with a colloidal titanium 
dioxide film. The Ti02 colloid solution is prepared by 
hydrolysis of titanium tetraisopropoxide (Aldrich), pepti- 
sized with tetramethylammonium hydroxide as 
described by A. Kay et al., Solar Energy Materials and 
Solar Cells, Vol. 44, p. 99 (1996). After hydrothermai 
treatment in an autoclave at 230*^0 for 6 hours, water is 
evaporated to obtain a concentration of 2 g Ti02 per 
liter. The suspension is centrifuged in order to remove 
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water and the basic solution. The TiOg slurry is then 
rinsed twice with dry ethanol. 40 parts (by weight) of this 
slurry are mixed with 60 parts of anhydrous terpineol 
(Ruka) and then treated In an ultrasonic bath for 15 min. 
Finally, 1 % by weight of ethyl cellulose (Ethocel ®, 45 
mPa s for 5% In toluene/ethanof, 80/20. v/v, 20''C) is 
added. The TIO2 paste is thereafter passed three times 
trough a three roll mixer. 

The T1O2 film 1 is applied by screen printing the 
logo of the Leclanch^ company onto the photoanode 
substrate 2. The projected TiOg surtece corresponds to 
ca. 2 cnn^. After sintering under air at 500**C for 30 min- 
utes and cooling down, the performance of the film as a 
photoanode is improved by further deposition of a small 
quantity of Ti02 from an aqueous TiCl4 solution as 
described by M.K. Nazeeruddin et al.. J. Am. Chem. 
Soc., Vol. 115, p. 6382 (1993). The film is sintered once 
more under air at SOO^'C for 30 minutes. The final thick- 
ness of the T1O2 layer is ca. 1 0 pm. 

The Ti02 coated electrode is then immersed into a 
3 X 10""^ M solution of cis-di(thiocyanato)-N.N-bis(2.2'- 
bipyridyl-4,4'-dicarbQxylic acid)ruthenium (II) dihydrate, 
prepared according to the procedure described in U.S. 
Pat. No. 5,463,057, in a mixture of absolute ethanol and 
4"tert''butanol (50/50, v/v) for 3 hours at eO^C. The elec- 
trode is thereafter treated by a solution of 0.3 M 4-tert- 
butyi-pyridine (Ruka) in dry ethanol for 10 min. and then 
dried under a stream of dry nitrogen. 

The electrolyte medium 4 is prepared by mixing 
1 ,3-hexyl-methyl-imidazolium iodide, described by N 
Papageorgiou et al., J. Electrochem. Soc, Vol 143, p. 
3099 (1996) and polyethylene oxide (Union Carbide) 
(75^25, w/w) and then adding 7 x 10"^ M I2 and 0.3 M 4- 
tert-butyl-pyridine (Fluka). This electrolyte is applied 
onto the dye coated TiOg film by screen printing, using 
a screen with the same pattern as for T1O2 deposition. 

For the cathode, a 30 x 20 mm sheet of conducting 
Sn02 coated glass from Libbey-Owens-Ford Co., Ohio, 
USA, with a sheet resistance of 15 Q/cm^ and a trans- 
mittance of ca. 85 % in the visible is used. A thin layer 9 
of platinum of less than 3 mg/cm^ is thermally deposited 
on the glass sheet according to the technique described 
by N. Papageorgiou et al., accepted for publication in J. 
Electrochem. Soc., MS 96-03-053. 

The cathode is placed on top of the dye coated 
Ti02 film whose pores are filled with the electrolyte 
medium 4 described hereinabove. Thereby the cathode 
substrate 3 covers the photoanode substrate 2 only 
over ca. 1 7.5 mm, leaving Iwo areas of each 30 x ca. 2.5 
mm where the electric contacts 6 can be affixed accord- 
ing to FIG. 2. The two glass pieces are sealed together 
with Silastic 744 (Dow Corning), followed by a second 
seal of Torrseal (Varian). Finally, 2 electric contacts are 
applied using commercial silver epoxy. 

In this way, a solar cell is obtained which yields, 
under illumination by a 60 W Incandescent lamp at a 
light intensity of 100 Lux, a short circuit current of 30 |iA 
(15 fiA/cm^, based on the area of the photoanode) and 



an open circuit voltage of 490 mV. 
EXAMPLE 2 

5 With the exception of the electrolyte medium 4, all 
cell components are the same and the cells are 
mounted in the same way as in Example 1 . The compo- 
sition of the electrolyte is a mixture of glutaronitriie and 
polyethylene oxide (Union Carbide) (50/50, w/W) to 

10 which 0.05 M tetrabutylammonium Iodide, 0.01 M I2 and 

0. 1 M 4-tert-butyl-pyridine are added. This electrolyte is 
applied onto the dye coated Ti02 film by screen printing, 
using a screen with the same pattern as for TiO^ depo- 
sition. 

15 In this way, a solar cell is obtained which yields, 
under illumination by a 60 W incandescent lamp at a 
light intensity of 100 Lux, a short circuit cun-ent of 34 pA 
(17 jiA/cm^, based on the area of the photoanode) and 
an open drcult voHage of 535 mV. 

20 

Claiins 

1 . A photoelectrochemical regenerative cell of at least 
one element, comprising a photoanode consisting 

25 of a layer of a large band gap (> 2, 7 V) semiconduc- 
tor 1, modified by an ultra-thin layer of a dye 
(chromophore), absorbing a large fraction of visible 
light, on a substrate 2, a cathode consisting of a 
second substrate 3, an electrolyte medium 4, con- 

30 talning a redox mediator, in-between the elec- 
trodes, a sealing structure 5 and two electric 
contacts 6, at least one of said sut)strates 2,3 being 
transparent to visible light, characterized in that the 
photoanode is applied in any two-dimensional pat- 

35 tern, aeating a color contrast to the areas where 
the photoanode is not applied, in order to provide a 
personalized photovoltaic cell. 

2. A photoelectrochemical regenerative cell according 
40 to claim 1, wherein the semiconductor layer 1 is 

deposited as a two-dimensional pattern on the sub- 
strate 2 by screen or roller printing, spray painting 
or dispersion stamping. 

45 3. A photoelectrochemical regenerative cell according 
to one of the preceding claims, wherein the electro- 
lyte medium 4 is deposited on the semiconductor 
layer 1 by screen or roller printing, spray painting or 
dispersion stamping. 

50 

4. A photoelectrochemical regenerative cell according 
to one of the preceding claims, wherein several ele- 
ments are mounted using one single substrate 2 
and one single substrate 3 and are connected in 

55 series by contact structures 14, allowing for short- 
est possible external cun-ent paths. 

5. A photoelectrochemical regenerative cell according 
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to one of the preceding claims, wlierein the voltage 
of one single element is transformed by a DC-DC 
converter consisting of an oscillator, a transistor 
based on germanium or on SOI technology and a 
standard AC-DC converter. 5 

6. A photoelectrochemical regenerative cell according 
to one of the preceding claims, wherein substrate 2 
is transparent and covered by a thin electrically 
conductive film 7. 10 

7. A photoelectrochemical regenerative cell according 
to one of the preceding claims, wherein the zones 8 
within the cell which are not covered by a semicon- 
ductor layer are free of electrolyte medium. is 



to one of the preceding claims, wherein the redox 
mediator consists of the system Iodine/iodide. 

16. A photoelectrochemical regenerative cell according 
to one of the preceding claims, wherein the 
chromophore is based on a metallorganic Ru com- 
plex containing substituted bipyridine ligands. 

17. A photoelectrochemical regenerative cell according 
to one of the preceding claims, wherein the sealing 
structure comprises epoxy resins, silicon glues, 
ceramics and/or gaskets consisting of thermoplas- 
tic foils such as f luoropolymers, polyvinylidene chlo- 
rides or modified pofyolef ines such as Surlyn ®. 



8. A photoelectrochemical regenerative cell according 
to one of the preceding claims, wherein tiie zones 
opposite to those which are not covered by a semi- 
conductor layer are fully or partially covered by pig- 20 
ment layers 10 of one or several colors. 



9. A photoelectrochemical regenerative ceil according 
to one of the preceding claims, wherein the zones 8 
within the cell which are not covered by a semicon- 2s 
ductor layer are filled by the electrolyte medium 4 
which contains in addition dissolved or suspended 
coloring agents. 

1 0. A photoelectrochemical regenerative cell according 30 
to one of the preceding claims, wherein tiie pat- 
terned photoanode is created by applying one or 
several pastes containing one or several chromo- 
phores onto the semiconductor film 1 . 

35 

11 . A photoelectrochemical regenerative cell according 
to one of the preceding claims, wherein the semi- 
conductor layer 1 consists of a porous 7102 film. 



12. A photoelectrochemical regenerative cell according 40 
to one of the preceding claims, wherein tiie electro- 
lyte medium 4 is based on N-substituted heteroaro- 
matic iodide salts which are liquid down to O'^C. 



13. A photoelectrochemical regenerative cell according 45 
to claim 12. wherein the electrolyte medium 4 is 
based on 1,2,3-substituted imidazolium iodides. 



14. A photoelectrochemical regenerative cell according 
to one of the preceding claims, wherein the electro- so 
lyte medium 4 is gellified or partially solidified by 
one or several compounds selected from the group 
of poly-ethers, poly-siloxanes, poly-acrylonitriles, 
amine- or amide-substituted vinylic polymers, Ti02, 
Si02, AI2O3, zeolite powder particles, nitriles. N- ss 
methylQ3^olidinone, N-metiiylpyrrolldinone. 



15. A photoelectrocherracal regenerative cell according 
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